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II.

Technical Report No. 10

Materials Investigations

A program to obtain samples of a different class of
materials, consisting of crystalline metallic oxides
in a matrix of translucent CoramR alumina, was
initiated. In these materials the particle size,
number density, and relative refractive index can

be carefully controlled. Samples of CoramR alumina,
which contain magnesium oxide particles, have already

been obtained.

Other samples, consisting of both glass-ceramics and
FotoformR glasses, are due from our manufacturing
facilities in Corning, New York. These will be
evaluated as soon as possible and the results repor-
ted. From an analysis of these materials a new set
of specifications will be formulated and forwarded

for fabrication of improved samples.

Some time in the next period will be spent in evaluating
competitive rear projection screen materials. It is
important that we measure these other materials using
our instrumentation as each different piece of equip-
ment has different instrument factors which influence
the data taken. This often makes a comparison of the
data taken on two different instruments invalid; and,
furthermore, it is sometimes difficult or impossible to
correct the two sets of data for these instrument

factors.

Theoretical Investigations

To make our theoretical work and subsequent experimental

data as useful as possible, it is important that the angular
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écattering functions be normalized to yield the angular
gain distribution function in its most meaningful form.
 There are two possible ways in which to normalize the
angular scattering functions, and both use the same perfect
isotropic scatterer as the reference to which they are
normalized. This problem has been discussed in the open
literature1—8.

First, Gaing (8), can be defined as the ratio of powér coﬁ—
tained within a given solid angle, from an experimental
screen to that from one composed of perfect isotropic
scatterersy provided there is the same amount of power
radiated into the forward hemisphere. Mathematically this

can be stated as

I(0,9)n8.,00/]] I1(8,¢)d6,dp
Gain, (8,¢,08,80) = hemisphere (1)
I (6,¢)00, A¢/£ H(6.9)dp.dgp
emisphere

where I(9,¢) and Io(e,¢) are the angular scattering function
of the experimental screen and the isotropic screen respectively.
The denominator of both the top and bottom of equation (1)

represents the power scattered into the forward hemisphere.

The second, and more widely used approach, normalizes to the

total incident power,

I(e,¢)A6,A¢/§t I(p,¢)d6,d9

Gain, (6,408,4¢) = spaere s (2)

I_(0.0)A8, A¢/f£ I, (6,9)ds,do

ere

Generally the scattering function is measured in the g =

plane. For our application there is rotational symmetry, hence,
I(s,0) = I(0,9) . (3)

Now let 4 = o, choose a value for A¢, and consider the gain
function only dependent on §. Clearly the integral in (2),
over the sphere, is constant, and is independent of the

Fffﬁ“y“hpw?%:m
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scattering function, provided there is no absorption; thus,

| Gain,(e)ds = K, « ‘ (4)
If absorption exists;:. - the effective transmittance is
just
| Gain,(8)ds
Transmittance = z : (5)
2

When comparing two different samples using Gainz(eh,not only
can the relative shapes of the scattering functions be seen
but there is also a direct indication of their relative

efficiencies, Figure 1. The fraction of light scattered

3»

Figure 1. Comparison of two gain curves
using Gainz(e)

into either hemisphere can be found by taking the ratios of

the integral of Gain,(8), over the proper hemisphere, to the

(
2
integral over the full sphere.

If one chooses to use Gainl(e,¢) instead of Gainz(e{”only
| a comparison of the 'relative shape of the scattering function
| - 1is possible. This can be seen by comparing two different

rear projection screens. Let them both have scattering

\
_\
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functions of the same shape in the forward hemisphere, and
also let only screen #1 have some backscattering. The
function Gainl(e) would show the two screens as having
identical scattering properties, as it only has meaning to
6 = n/2. Gainz(e) would show the shape in the forward
hemisphere to be identical; in addition, it would show
that more incident power was required to get the same amount
of power into the forward hemisphere of each screen. The
ratio of the amount of input power, needed to scatter the
same amount of power into the forward hemisphere, could

also be computed from Gain,(8).

Assume now, the'shapes of both scatteriﬁg functions are
identical over all angles, and let screen #l1 have some neufral
density. Again, the Gainl(e) curve would show both screens

as being identical, while Gainz(e), besides showing the shapes
to be identical, would also indicate that screen #1 is less
efficient than the other; and an analysis of the function

Gainz(e) would indicate by how much.

By now it should be clear that Gainz(e) is by far a more
complete measure of the operational performance of a rear
projection screen than is Gain,(g). Gainz(e) was used in
computing the various data given in the Phase I1I Summary

Report.

One additional word should be said about the isotropic, or

as it is sometimes referred to, the Lambertian scatterer.

By definition,it radiates uniformly in all directions. If

we limit the size of a Lambertian screen, composed of
Lambertian scatterers, by means of an opaque plate with a
hole in it; we find the subtended area changes as cosine YV,
Figure 2. This is equivalent to illuminating an area on a
rear projection screen which is small compared to the angular
field of view of the detector. The cosine ¥ term must be used
to correct for the obliquity of the detector. On the other
hand, if the field of view is held constant and is always

filled by the screen, no angular correction is necessary.
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Figure 2. Geometry of the cosine correction
for oblique viewing

III. Instrumentation

A. Goniophotometer

All mechanical and electrical work, including minor
modifications, is complete. All of the optics in
the collimator, and the detector have been aligned
and the two sample holders have been adjusted to hold
‘ the samples normal to the incident beam. The angular
resolution is better than +1°, which is set by play in
the various gear trains, by the electronics of the
servo system, by the collimation of the incident beam

and by the size of the apertures in the detector unit.

To ensure as much signal as possible, the apertures in
both the collimator and detector should be as large

as can be tolerated. This is determined by measuring
the scattering function of a typical screen using larger
and larger apertures in the detector unit. At first no

observable difference of the scattering functions will
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be seen. Finally an aperture size will be reached where

the measured scattering function is significantly
different from the others previously measured. This

then is the first aperture which is too large;hence,

the next smaller aperture is optimum in that it gives the
best angular resolution and at the same time the most
signal power. This aperture now sets the angular
resolution of the instrument, and all other apertures

should be optimized to give the same resolution.

This optimization of the goniophotometer is being con-
cluded. Calibration and alignment procedures are being
established. This is to ensure all of the data taken with
it will have some common scale factor, thus permitting

data, taken weeks apart, to be validly compared.

B. Modulation Transfer Function Analyzer

Construction of the MTF control console, including the
control electronics,is finished; all that remains is the
final adjusting of'the motor speed controls. The rotating
polarizer mount and film transport have also been com-

pleted and checked out. ~

Some preliminary MTF data on a rear projection screen
have already been taken. A Fresnel zone plate made by
interferometric techniques was used as the variable sine-
wave pattern, Figure 3, and used in the optical system
shown in Figure 4. Information on contrasts in the image
with and without the screen were displayed on an
oscilloséOpe and photographed. These data were then
reduced to contrasts as a function of spatial frequency
and subsequently to values for the MIF of the screen,
Figure 5. This work was done primarily to check again.
our concept of the MTF analyzer. We found an oscilloscope
to be quite useful for preliminary alignment, as only a
few seconds are required for each data scan. However,

because of the reduction in size of the display, con-

Declassmed in Part - Sanitized Copy Approved for Release 2012/11/08 : CIA-RDP79B00873A002000010084-0




'IVI)ecIassified in Part - Sanitized Copy A\\pproved for Release 2012/11/08 : CIA-RDP79B00873A002000010084-0

o 20121100 O :
 CONFIDENTIYY

— [e— — —

B W ' bt

Figure 3. Fresnel zone plate type of
sine-wave resolution target

Light Source

Fresnel Mask in Rear Projection
Transport Screen

Photo-Tube

‘ Microscope
Projection " Objective
Lens : .
' Conden ' ' =
aenser To Oscilloscope

Figure 4. Optical system used to measure the MTF
of a rear projection screen

CONFIDENTIA;

Declassified in Part - Sanitized Copy Approved for Release 2012/11/08 : CIA-RDP79B00873A002000010084-0




~

"

r

T

[y 5T ot | emalll 8

|

r,'.,

—

A

e A | D il 1.

I

1

D~

(ww/sautT) Lousnbeuad Tepleds
g

TR TFHETE T e g
i Y it e dugn Aw : g
aga ._..tL t by - fote SH 1 13
Beoer Baks se ol .+ 4 " il [Ean o
= A e e H Hss HH
TAMEL HHTOA DTN =g b
”.U-.x._...ll‘r_,ffi, 1 iunpupuy 110
e Ep eSSy ees LA SRS g 54 38
e He =+ t 1 u s
Rp|EEEEE b o .
57 r it ;
= Ny 5
= H: i B ;
5 : 3 3 5
ol 11 11 o P by g e
Y T, P i 5od e
) B o . !
-+ ¢ 4 SRR
\.% H m‘ N re SRS S u |W"Hm
3% +

ot

BEE RO

=+

.

My

H

h

+

INERE RN B

S5 N

t

A

I

Y

T
v der

H+

il s

H.

+o4i it

T

RS9 =

NER )

I I PRI
B A2

Declassified in Part - Sanitized Copy Approved for Release 2012/11/08 : CIA-RDP79B00873A002000010084-0
Declassified in Part - Sanitized Copy Approved for Release 2012/11/08 : CIA-RDP79B00873A002000010084-0

N WS NT Bdvw ‘OO H3S83 VW IIIANIN ™ L7
O11-6SE HONIZ, 3HLOLOLXOL 1S¥5



Declassmed |n Part - Sanitized Copy Approved for Release 2012/1 1/08_ CIA RDP79_BOO873A002000010084 -0
LY 6

siderable information is lost *“through ... uncertainties

e

in measuring the photograph. Therefore, the x-y
plotter in the main console is definitely required for
the final recording of MTF data. An oscilloscope

display should be considered for initial alignment.

The feasibility of using an interferometer to make sine-
wave masks has been established. This approach is possible
if some curvature of the fringes can be tolerated.

Straight fringes can be obtained; however, the change

of space frequency with position is too small to make

these patterns of any value for the MTF analyzer. They

are very good as constant spatial frequency patterns. Thus,
the sine-wave masks must be formed in an unequal arm inter-
ferometer using a non-parallel beam of light which produces
the conventional Fresnel zone plate type of mask,

already shown.

Two different approaches will be followed in attempting
to make the special sine-wave mask. In the first, a slit
almost in contact with the film, will be illuminated by

a cylinderical lens, Figure 6.

Parallel Light
From Modulator

Moving Film

Cylindrical Lens

Figure 6. Making the sine-wave by placing a mechanical
slit in contact with a moving emulsion
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This slit is semi-adjustable down to 10 microns in

\/’ 5‘w

diameter. In the second approach,a slit: image will
be directly projected onto the film by a high gquality

lens, Figure 7.

Opal Glass Diffusor

Imaging Lens

Condenser P
? 1/%2
Light
From f%
Modulator I : ]
|
|
/ilit Image

On Moving
Slit Film

Figure 7. Making the sine-wave mask by projecting
' a slit image onto a moving emulsion

The slits for this approach are being made by shadowing
very fine threads of wire on glass, with aluminum, and
also by photographic reduction techniques. Thesé slits
will be projected onto the film at a reduction of about
3:1.

The first part of our effort to make the sine-wave masks
; will be concerned with determining the film character-
istics and getting the individual components together and
working as a system. The time requirement to complete
this first phase is expected to be 1.5 weeks. A total

of 4 weeks is scheduled in which to get the system
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working and the mask made. This effort beglns the
first of next period.

When the unit is to be used as a MIF analyzer,a photo-
detector unit will be required. The basic detector
design is complete, and the final design is scheduled
to be completed before it is needed. The remaining
electronics constituting the "contrast computer", which

gives the MIF data, is being designed.
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